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ABSTRACT

Retrieval of land (soilvegetation complex) sufacs temperature (LST)
and ground insolation was carried out over middle Gujarat region using
VIS{channel 1), MIR{channel 2) and tharmal bands (channel 4 and 5) and
ground ermissivity fram atmospherically corrected NOV| of NOAA AVHAR LAC
{1.1km % 1.1km) images. The atmaspheric correction of VIS and NIR band
reflectance to derive corrected NDVI was done using SMAC modal. LST
computed from split-window method were then compared with near
synchronous soil and air temperaturas using fisld cbservations made during
13 17 of January and April, 1997 at five sites. Tha LST derived fram NOAA
AVHRR thermal channel data varnied from 3016 — 311.8K in January and
from 315.8 —325.6K in April. In April, LST were found to be more close to 8T
which may be due to relatively poor vegetation growth as regrasented by
lower NDVI values in April. The global ground insalation and jts direct and
diffiuse components were retrieved using Heliosat and ESRA models applied
te NOAA AVHRR GAC {4km x 4km) images. The satelite retievad diract ar
beam insolation during May was {ound to be overestimated to'the order of 10-

15%.
Key waords: NDVI, LASPEX,

Ground insolation and land surface vegetation body and the soil surface under
temperature (LST) are two important land the vegetation (Qin and Karmieli, 1999),
surface parameters for computing energy Under the availability of Visible (channel 1),
and water fluxes such as MIR(channel 2) and themal data {channel
evapotranspiration (ET) over crop canopy. 4 and 5) of NOAA AVHRR. many studies
LST generally refers to the skin temperature have been carried out on retrieval of ground
of the carth, For bare soil, it is soil surface msolation, L5T and the related ground
temperature, and for fully vegetated emissivity from both technological aspects
condition it is canopy temperature or in and application to specific arcas (Becker.
sparse vegetation case . it is the average FORT: 1991, Seguin eraf., 1994 Choudhury
temperature of the vegetation canopy, etal., 1995 Casselleseral., 1997, Menenti
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el al . 1999} | Very few studies have been
carried out in India by Gupta et al, (1995)
on retrieval of LST only usmg NOAA
AVHRR data. But the validation or
comparison of satellite retrieved ground
insolation and LST with real-time ground
ohservations is lacking,

Thus the present study was
undertaken with an aim to retrieve ground
insolation and land surface temperature
(LST) using NOAA AVHRR visible, NIR
and thermal bands and to validate these land
surface parameters by comparing  with
real-time ground observations

VIATERIAL AND METHODS
Steely area

Land Surface Processes Experiments
(LASPEX) were carried out at five stations
of Gujarat at Anand (22"35'N, 72°35°E).
Sanand (23"04'N, T222°E), Arej (22740
N, 72"15'E), Derol (22740'N, 73"45°E), and
Khandha (22"02'N, 73°11'E) encompassing
100km x [00km area during 13-17 " of cach
month  from January to December, 1997
{Vernekar & al. 1999). NOAA-14
AVHER 1mages (1.1 x 1.1 km resolution)
of the study area were acquired to retrieve
LST for 13-17" of each of January and
April, 1997, which are two representative
months of summer and wmnter, respectively.
NOAA-14 AVHRR GAC (4km x 4km
resolution) images are also acquired for the
study area during 13-17" May. 1997 for
retrieving ground insolation. Intensive
ohservations on various meteorological
parameters throughtout the day at 30secs

[Vol, 6. Mo 2

interval and at different heights. were taken
during 13-17% of each of twelve months of
1997 by installing micrometeorological
towers at five LASPEX sites. The time of
satcllite_passes were between 14:30-13:13
hrs. 1IST. The images were then
radiometrically corrected and regpistercd
geometrically

Atmaospheric correction for NOAA
AVHRR Visible (VIS) and near- infrared
(NIR) heanels

The satellite derived surface
reflectances at visible and NIR bands were
atmospherically corrected using SMAC
model (Rahman and Dedigu, 1994) The
mputs used to this model were angular
geometry (view zenith, view azimuth, solar
zenith and selar azimuth angles), top-of-
atmospheric (TOA) reflectance at each of
NDAA AVHRR VIS and NIR bands.
surface atmospheric pressure.average
ozone content, water vapour content from
radiosonde data at Anand collected on each
day, average acrosol optical depth at 330nm
computed from dark surface (Saunders,
1990}, The average ozone conlents over the
region of interest were 0.24 and 0.27 atm-
em during December and May respectively.
As the five sites are within 100km x 100
km. the average values of those
atmosphenic inputs were used for all the five
stations. With the help of the corrected
surface reflectances. distributed NDVI
outputs were derived which were further
utilized for estimation of land surface
cmissivity,
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Retrieval af land surface temperatire
! [t

(LST)

The brightness temperatures trom
NOAA AVHRR thermal cRannels (4 and
3} were derived using inverse Planck’s
function, LET were retrieved using well
known local spht windew algorithm given
by Becker and Ly (1990) and surface
emissivity estmated from atmospherically
correeted NDVI (Sobrino ef al , 2001). The
flow chart of retrieval of LST from NOAA
AVHRR was already outlined bs
Bhattacharva and Dadhwal (Z003) i1 their
Fecent swork,

The unmque characteristic of ths
algorithm 15 that it divides the surface mto
two physical patterns and considers their
varous contnbutions to the LST . while
other algorithms view the surface as one
pattern.

Retrieval of global insolation at grotend
artel ES compnens

Total ground insolation has been
derived using modificd Heliosat methad
{Rigollier & Wald. [999) which determines
clearness index (K) from the cloudness
index (N). The cloudness index , which
characterizes atmospheric transmittance.
can be denived from the following equation:

W=l =8 | e (1)

Where. p* = apparent albedo of sach
pixel as observed by the sensor. Thealbedo
was derived from atmospherically corrected
reflectances in VIS and NIR using narrow
bund-to-broad band conversion technigue
{Valiente er al., 1998): p = minimum value
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of apparent albedo for cach pixel for a time-
series (13-17% of Apnl and January) of
images, p. = maximum apparent albedo
within the particular date image,

Again,

K=1-WN (Bevereral, 19968 ... ()
Cilohal instantaneous msaolation (G) at

ground =k 'G“

Where, G, =0.7* % * (Siny ' *
I, = 1367 Wm~ is the solar constant

= = correction factor: of the sun-carth
distance

v = solar glevation {in degrees)

The ¢omponents of total ground
msolation e direct and diffuse insolation
were derived using ESRA model (Rigollier
and Wald, 2004}, The Linke turbidity factor,
which characterizes the turbidity of
atmosphere. was denved for each pixel by
fixing two extreme values of 2.0 {very clear
atmosphere) and 7.0 (turbid atmosphere)
and normalization of clearness dex to
obtain diffuse radiation component, The
direct or beam radiation was obtained by
deducting diffuse component from total
radation,

Under present studies. NOAA
AVHRR GAC data were used for retrieval
of nstantancous ground insolation for the
period of 13 —17" Mdy at 14:30 hrs IST,

RESULTS AND DISCUSSION
NDVT and its variation

The normalized difference vegetation
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index (NDVI) data before and afrer
atmospheric corrections for the five
LASPEX stations on two representative
dates of 14 January and 14 April 1997
corresponding to winter and summer
sgasons respectively are presentated in
Table 1. NDVI values showed increase
after atmospheric corrections on both the
dates of January and April. They were
relatively higher during January than in April
The atmespherically uncorrected and
correeted NDVI values were varving from
0.19-0.43 and from 0.23-0.56 respectively
on 14 January. But on 14 April, thosc varied
from 0.12-0.36 and from 0.19-0 50
respectively showing substantial increase in
NDVI after atmospheric correction, The
atmospherically corrected NDVI values
were then used to estimate channel 4 and 5
emissivities of AVHRR for further
computation of land surface temperature,
Recent studies on comparison of methods
of retricval of land surface enussivity by
Sobrino ef @/ (2001) showed that the
atmospherically ceorrected NDVI -
threshold approach of emussivity retrieval
15 the best eperational method as compared
to approaches mmvolving temperature
independent thermal spectral indices.

Since NDVI is a good measure of
srowth of vegetation, it is dircetly related to
vegetation cover over soil, The fractional
wretation cover (nol presented in the table)
was computed by normalization of NDVI.
It was refatively highon 14" January {0.25-
01.75) as compared to 14" April when it
varied from 0.22 to 0.67. In both the scasons,
there was relatively higher NDVI over

[Vol. 6, Na. 2

Anand followed by Khandha as compared
to rest of the stations where a low and
almost constant NDVI values and
vegetation cover were found.

LST retrieval and its comparison with air
and surfice soil temperature

The derived land surface temperature
(LST) images were put to correction hy
computing coefficient of fractional
vegetation cover following the methodology
adopted by Kerr er af. (1992) for and and
semi-and conditions. This correction was
done by fixing two extreme values of NDV]
and LST corresponding to full cover
vegetation and bare soil conditions. The
corresponding atmospherically corrected
NDWVI values within the study area were
(.85 and 0,10 during Januaryand , (.75 and
(.08 durmg Apnil 1997, The retrieved LST
for full vegetation and bare soil cover were
found to be 292 0K, 313.3K i January and
31208, 330.0K n April.

The retrieved LST from NOAA
AVHER during 13-17 Jannary 14:30 hrs IST
and [3-17 April 15:15 hes IST for LASPEX
study aren were compared with surface soil
temperature (ST) at 2.5em soil depth and
air temperature (AT) (Fig. 1), The 11 line
showed that during January, LST lie almost
in the mid way between 8T and AT, This
may be due to relatively higher vezetation
cover and lesser contribution fism soil as
indicated by relatively higher NDVI as
compared to that in the month of April LST
were found to be close to ST on the higher
side during April, but away from AT Similar
observations were also-reported by Kaleita
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Table 1: NOAA AVHRR derived normalized difference vegetation index (NDVI) at five

LASPEX sites

Location NDVI NDVI
{uncorrected) (corrected)
14 Jan 97 14 April 97 14 Jan U7 4 April 97
14:30I8T 1315 18T 1430 18T I51518T
Anand (434 0358 {136 (.50
Sanand (.23% (.181 (.31 (.28
Derol 0,140 0420 023 19
Arnej 0285 0.151 0.33 023
Khandha 0.361 0246 (.43 (138

Table 2 : Satellite retrieved ground insolation (Wm=) over LASPEX sites using NOAA
AVHRR GAC images at 14:30 hirs. 18T on 13 May 1997

Stations Direct ar beam Diffuse insolation Global insalation
msolaton i

Anand 1035 32 1087

Sanand 1013 Gl 1076

Deral LY B3 1062

Arngj 1059 A4 1103

Khandha a972 76 1049

and Kumar {2000} when fractional
vegetation cover was drastically reduced,
The tact that the relatively poor vegetation
growth as indicated by low NDVI in April
seemed to have influenced LST to become
more representative of soil surface and
closeto ST.

The above results indicate that n
semi-arid conditions direct relationship
between LST and air temperature may not
always exist.

Retrieval of ground inselation and its
validation

The global insolation at ground and its
direct and diffuse components retrieved
from WOAA AVHRR GAC images of the
representative on selected date (13 May
1997 at 1430 hrs. IST over LASPEX sites
is presented in Table 2. The AWVHRR
derived global insolation was found to vary
from 1103 — 1049 Wm~. The direct or beam
and diffuse incoming radiation components
werd found to vary from 972 - 1039 Wm~?
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Fig. 1 : Comparison of LST with near air temperature (AT) and surface soil
(at 2.5cm depth) temperature (ST)
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Fig. 2 : Comparison NOAA AVHRR derived direct insolation and sround
observations
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and 44 — 76 Wm™ respectively. The NOAA
AVHRR. images derived dircet or beam
solation was compared with ground
obscrved data. The |:1 line (Fig. 2) showed
overestimates i satellite retrieved direct
msolation across different stations to the
arder of 10-13% . The results sugzested
that maedification of algorithm is further
necded to obtain improved accuracy for its
use i the studics of land surface processes
ustng palar orbiting satellite data,

CONCLUSIONS

The NDVI values arc relatively high
m winter{January) than in summer {Apnl)
in the study region thus representing poor
vegetation growth and more siressed
canopy i summer than i winter.  As the
vegetation growth increases, the LST
becomes more close to air temperature and
when the vegetation growth is poor, the LST
= more representative of soil surface
temperature. The accuracy of NOAA
AVHRR retrieved ground insolation using
Heliosat  method  needs further
improvement
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